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Abstract  [Background] Co-electrolysis technology based on the solid oxide electrolysis cell for syngas
production offers numerous advantages, such as high efficiency and flexibly tunable H,/CO ratio, enabling large-scale
syngas production with high efficiency and low cost. [Purpose] This study aims to collect data set for multi-physics
coupling simulation of syngas production applied to improving the gas-thermal uniformity and stability of the stack
during co-electrolysis by investigating the multi-physics coupling behavior of the complete electrolysis stack

including inlet/outlet gas manifolds in the co-electrolysis process. [Methods] Firstly, based on COMSOL software, a
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multi-physics coupled numerical simulation of co-electrolysis was developed for a six-cell solid oxide electrolysis

stack. Then, the gas inlet temperature of the electrolysis stack was set to 700 °C, and the cathode-side inlet gas

composition (steam: carbon dioxide : hydrogen) was 4:4:2. Finally, various multi-physics coupling simulation data of

syngas production via co-electrolysis in a solid oxide electrolysis stack under different electrolysis voltages were

obtained for data set construction. [Results] Constructed data set consists of the distribution data of carbon monoxide

concentration field, carbon dioxide concentration field, steam concentration field, hydrogen concentration field, and

temperature field under different electrolysis voltages ranging from 6.0 V to 7.8 V with interval of 0.6 V.

[Conclusions] These data obtained in this study provide important support for the subsequent optimization and

design of high-reliability co-electrolysis stacks, investigation of failure and damage mechanisms in co-electrolysis

stacks, and the operation of co-electrolysis syngas production systems.

Key words Solid oxide electrolysis stack, Multi-physics simulation, Syngas production via co-electrolysis
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Fig.1 Three-dimensional model of the electrolysis stack (color online)
(a) Schematic diagram of electrolysis stack assembly, (b) Overall model diagram of electrolysis stack

R BRI S

Table 1 Material parameters of the electrolysis stack model

SH FH A% FELAA 5 FA % ERAR YR
Parameters Anode Electrolyte ~ Cathode Interconnect  Gas diffusion layer
27 H1 5 % Jonic conductivity / S+m™ — 10 — — —

¥ i 5% Electronic conductivity / Q'»m™ 17 000 — 30300 769 000 850 000

#4452 Thermal conductivity / W-m™ K™ 10 2.7 6.23 27 16

Eb #4445 Specific heat capacity / J kg™ - K™ 430 550 450 600 460

FLER 2 Porosity 0.3 — 0.3 — —
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Fig.8 Distribution of H,O mole fraction in the electrolysis stack under different voltages (color online)
(a) 6.00V, (b) 6.60V, (c) 7.20V, (d) 7.80 V
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Fig.9 Distribution of H, mole fraction in the electrolysis stack under different voltages (color online)
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Fig.10 Distribution of CO, mole fraction in the electrolysis stack under different voltages (color online)
(a) 6.00 V, (b) 6.60 V, (c) 7.20 V, (d) 7.80 V
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Fig.11 Distribution of CO mole fraction in the electrolysis stack under different voltages (color online)
(a) 6.00V, (b) 6.60V, (c) 7.20 V, (d) 7.80 V
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Table 2 Average temperature of each layer of cell at different voltages (°C)

O ME LT Hl=Em 2B H3 = EZ Y=L E H55 =l H 62k
Stack voltage / V' Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6
6.00 665.12 664.92 664.80 664.76 664.80 664.92
6.60 639.01 638.68 638.47 638.38 638.40 638.53

7.20 630.98 630.60 630.36 630.24 630.23 630.35

7.80 657.24 656.97 656.79 656.69 656.68 656.75
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